Regulation of iNOS by the p44/42 mitogen-activated protein kinase pathway in human melanoma.
Activating mutations of the genes for NRAS and BRAF, components of the p44/42 mitogen-activated protein kinase (MAPK) pathway, are common findings in melanoma. Recent evidence in several nonmelanoma cell systems supports the regulation of the inducible nitric oxide synthase (iNOS) gene by this pathway. On the basis of our data showing that melanoma iNOS expression predicts shortened patient survival, we formulated the hypothesis that activating mutations of NRAS or BRAF, which lead to constitutive activation of the p44/42 MAPK pathway, drive iNOS expression in human melanoma. In the present study, we have shown that inhibition of melanoma iNOS activity by S-methylisothiourea leads to decreased cell proliferation, confirming the importance of iNOS activity for melanoma cell growth. Regulation of melanoma iNOS expression by the p44/42 MAPK pathway was demonstrated by inhibition of the pathway by U0126, and by BRAF RNA interference. To explore this regulatory pathway in human tissue, 20 melanoma tumors were examined for NRAS and BRAF mutations, immunohistochemical evidence of ERK phosphorylation, and iNOS expression. A significant association was found among these three features. We conclude that in human melanoma, activating mutations of NRAS and BRAF drive constitutive iNOS expression and, implicitly, nitric oxide production, contributing to the poor survival of these patients.